It is widely believed by agricultural scientists that N,-fixing leguminous plants have a higher requirement for inorganic phosphate than plants grown with combined nitrogen. Phosphatic fertilizers may become scarce in the future and it is important to establish the magnitude of the effect, if it exists. Nitrogen-fixing micro-organisms may be used to study the problem. Nitrogen-fixation by blue-green algae in lake waters is proportional to phosphate concentration, and the C,H,-reduction test for nitrogenase can be used as a sensitive assay for dissolved phosphate (Stewart, Fitzgerald & Burris, 1970). Dalton & Postgate ( I 969) studied phosphate-limited continuous cultures of Azotobacter chroococcum and reported that yields are higher for NH,+-grown than for N,-grown cultures. However, the experiments are complicated by differences in sensitivity to 0, between phosphate-limited and control bacteria.
containing roopg of N/ml as (NHd2SO4, which totally repressed nitrogenase (Tubb & Postgate, 1973) . Eighteen hours after each change in culture conditions, 30 ml samples were withdrawn from the culture vessel at intervals of 6 h. Between these samples, the effluent culture was collected in an ice-cooled flask. If the samples were identical in terms of cell density (absorbance at 625 nm), pH and glucose content, the culture was considered to be in steady state and the samples and effluent were kept for analysis. Cultures were centrifuged at 4 "C, the bacteria washed twice with ice-water and finally resuspended in the initial volume of distilled water. Washed bacteria and culture supernatants were stored at -10 "C. Some supernatants were preserved with chloroform. Dry weights were obtained by drying 10 ml portions of washed bacteria at 80 "C. Glucose was analysed by the anthrone method (Scott & Melvin, 1953) and nitrogen by Kjeldahl digestion followed by a micro-diffusion step and colorimetric estimation of the NH4+ (Chaney & Marbach, 1962).
RESULTS A N D DISCUSSION
The data obtained are summarized in the Table. Over the range of phosphate concentrations studied, there was a progressive increase in the yield (dry weight) of NH,+-grown K. pneumoniae over N,-grown cells, although the absorbances of the cultures at any one phosphate concentration were similar. The cell percentage-nitrogen values did not increase between 0.1 and 0-2mwphosphate and were not significantly different between N2-and NH4+-grown cultures.
Nitrogenase action requires ATP which must be regenerated in the cells by phosphorylation of ADP. In a chemostat study of Clostridium pasteurianum, Daesch & Mortenson (1967) concluded that differences between yields of NH,+-and N2-grown cultures could be attributed to substrate being utilized for this purpose, thus depleting that available for synthesis. It might be expected that an effect would be observed with limiting phosphate. If there was a higher rate of ATP use by N,-fixing cultures and if phosphorylation of ADP was limited by phosphate concentration, the differences in yield and/or N-content between cultures grown on the two N-sources might be greater with increasing phosphate deficiency. However, for yield the reverse was observed, and the N-content of the cultures was not greatly affected by phosphate concentration. From 0-I to 0.2 mwphosphate, the efficiency of glucose utilization (Yglucose) decreased for N,-grown cultures and increased for NH,+-grown cultures. For both, Y,,,,,, was very low at 0.05 mM-phosphate.
These results therefore do not support the contention that N,-fixing systems have a higher phosphate requirement than systems utilizing combined N. Rather, they indicate that restriction of cellular synthetic processes by phosphate limitation is greater than any restriction of N,-fixation which may occur and that the differences at the higher phosphate concentrations were due to differences in ATP utilization, as described by Daesch 
